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© A position measuring device with a phase adjust 
circuit and phase adjust circuit process in which 
errors in the phase relationship between a pair of 
nominally 0° and 90* phase related quadrature sig- 
nals may be corrected, by deriving a correction 
signal comprised of a selectively scaled and signed 



form of the 0* signal and vectorially adding the 
correction signal to the 90 " signal. The circuit allows 
for electronic correction of the skew angle of a 
reading head grating in an optical type distance 
transducer. 




FIG-2 
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This invention relates to devices for measuring 
position shifts electronically, such as linear and 
rotary encoders and resolvers. In order to generate 
electrical signals corresponding to displacements 
of a probe, coordinate measuring machines have 5 
commonly employed a main grating consisting of a 
linear series of closely spaced grating lines tra- 
versed by a reading head carrying a small trans- 
parent grating skewed at a slight angle to the main 
grating. Optical interference between the gratings 10 
creates a pattern of transversely shifting light and 
dark areas, a pattern referred to as a Moire' fringe. 
This pattern is detected by an array of photosen- 
sors contained in the reading head. 

Since the reading head may move in either 75 
direction, and since the analog signal value repeats 
itself within the course of each cycle, there is an 
inherent ambiguity in the interpolation signal value. 

To resolve this ambiguity, a refinement has 
been utilized, in which a second electrical signal is 20 
generated, equal in magnitude to the first signal of 
90* out of phase. A pair of quadrature signals is 
thus provided. These quadrature signals are com- 
bined to provide unique signal information linearly 
related to the position of the reading head along 25 
the interline space between lines in the grating 
scale. That is, the combination of the quadrature 
signals provides a linear function from which it may 
be determined without ambiguity at what point the 
reading head is in the interline space. 30 

The reading head thus generates a pair of 
cyclically varying, 90* out of phase electrical out- 
put signals as the pattern moves across the sen- 
sors. The pattern shifts in precise correspondence 
with traversing of the reading head past each 35 
space between the main grating, and thus these 
electrical outputs comprise analog signals corre- 
sponding to the reading head displacment past the 
grating lines. 

The analog signals are sinusoidal, and each 40 
cycle is completed by traverse of the reading over 
a complete space between grating lines. A running 
count of each complete cycle thus provides an 
indication of the total reading head displacement 
along the main grating. 45 

An alternate means of constructing an optical 
grating/reading head system is to use a Vernier 
fringe optical method, also well known in the art, 
instead of the Moire fringe method described 
above, to, which method the present invention is so 
equally applicable. 

In order to attain finer resolution than the spac- 
ing between grating lines, interpolation circuits 
have been devised for subdividing these analog 
signals, as described in U.S. patent 4,225,931 is- 55 
sued on September 30, 1980 for "Interpolation 
Apparatus for Digital Electronic Position Measuring 
Instrument". 



The phase angle between the quadrature sig- 
nals must be precisely set at 90* for proper re- 
sults, and this has been done in the past by careful 
manual adjustment of the skew angle between the 
reading head grating and the main grating to vary 
the Moire 1 fringe pattern. This procedure is time 
consuming and inconvenient since it requires re- 
moval of the machine covers and tedious mechani- 
cal adjustment of the reading head position while 
observing the Lissajous pattern of the photosensor 
outputs on a oscilloscope. 

U.S. patent 4,462,083 issued on July 24, 1984 
for "Method of Interval Interpolation" and U.S. pat- 
ent 4,490,914 issued on January 1, 1985 for "Error 
Correction System for Position Measuring Instru- 
ment" both describe systems for correcting phase 
angle differences between quadrature signals used 
in position measuring devices. In U.S. patent 
4,462,083, the correction values are determined by 
measurement and stored in a digital computer for 
use while making interpolation calculations. This 
approach requires additional electronic components 
and procedures, and complicated computer oper- 
ations. 

U.S. patent 4.490,914 describes a process re- 
quiring a separate magnetic track alongside the 
grating and means for generating and recording a 
correction signal for each analog signal. Subse- 
quent adjustments of the phase angle changes 
would be difficult. 

SUMMARY OF THE INVENTION 

The present invention comprises a simple cir- 
cuit and process for adjusting the phase relation- 
ship between quadrature signals in a position mea- 
suring device. The circuit comprises an arrange- 
ment for algebraically adding the 0* analog signal 
to its inverse in an adjustable proportion of each 
signal so as to enable generation of a correction 
signal comprised of a selectively signed and scaled 
down 0* signal. This correction signal may be 
generated by feeding the 0* signal to one side of a 
potentiometer and an inverted or 180* phase shift- 
ed version of the 0* analog signal to the other 
side, with the algebraic sum fed out from the 
potentiometer slider. 

Thus, an infinitely selectively adjustable scaling 
down of the 0* analog signal of either a positive or 
negative sign may be generated from the 0* ana- 
log signal. 

This correction signal, when added vectorially 
to the nominally 90* analog signal results in a 
phase shifting of the 90* analog signal in either 
direction, depending on the sign of the correction 
signal, and to a degree depending on the mag- 
nitude of the correction signal, the sign and mag- 
nitude of the correction signal selectively set by the 
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potentiometer slide adjustment. Since the correc- 
tion signal may be adjusted in sign and magnitude 
by movement of the potentiometer slider, the 
phase of the 90* analog signal may be shifted 
appropriately to insure a perfect 90* phase rela- 5 
tionship with the 0* analog signal. By using an 
extra buffer/inverter to invert the A (0*) signal, a 
DC balanced correction signal is realized. This 
additional inverter provides the added feature of 
eliminating cross coupling of the phase adjustment w 
potentiometer onto the B (90* ) signal offset ad- 
justment pot. 

Observation of the Ussajous pattern of the 0 * 
and 90° sinusoidal analog signals on an oscil- 
loscope allows convenient detection of the proper 75 
phase relationship when achieved by proper adjust- 
ment of the potentiometer slide. 

This procedure has the advantage of being 
much less time consuming than the mechanical 
adjustment of the reading head skew angle without 20 
requiring substantial additional circuitry or com- 
puter calculations, and may be done conveniently 
during routine maintainence. 

DESCRIPTION OF THE DRAWINGS 25 

FIGURE 1 is a perspective view of a coordinate 
measuring machine with a diagrammatic represen- 
tation of the associated electronics. 

FIGURE 2 is a block diagram representation of 30 
the phase correction circuit according to the 
present invention. 

FIGURE 3 is a phasor (i.e., vector) diagram of 
the analog and correction signals, depicting the 
vector addition of the correction signal to the nomi- 35 
nal 90° analog signal to correct a condition where 
the signal is slightly less than 90* out of phase 
with the 0" signal. 

DETAILED DESCRIPTION 40 

FIGURE 1 illustrates a coordinate measuring 
machine (CMM) 10, comprising a position shift 
measuring device of a type with which the phase 
correction circuit of the present invention is in- 45 
tended to be used. The CMM 10 may be config- 
ured in various forms, the illustrative example a 
machine described in detail in U.S. patent 
4,682,418 issued on July 28, 1987 for a 
"Coordinate Measuring Machine". so 

A probe 14 is attached to a probe shaft 16 
supported for vertical movement on a carriage 18. 
The probe shaft 16 has a main grating 20 affixed 
thereto moving past a reading head 22 mounted to 
the carriage 18. A cover 19 encloses the reading 55 
head 22, which is adjustably mounted on the car- 
riage 18 so as to be slightly skewed with respect to 
the main grating 20 in the manner well known in 



the art The carriage 18 Is mounted for horizontal 
movement on a second carriage 24, in turn moun- 
ted for horizontal movement in an orthogonal direc- 
tion on a base 26. 

Similar grating - reading head arrangements 
(not shown) are provided for each carriage 18 and 
24 so as to enable generation of electrical signals 
corresponding to movement along each orthogonal 
axis in the manner well known in the art. 

Thus, as the tip 28 of the probe 14 is moved 
between points on a workpiece 30 supported on a 
table 32, the extent of movement is measured to 
generate a signal corresponding to the distance 
between the points on the workpiece 30. 

As described above, there are two well known 
optical techniques for developing quardrature 
sinusoidal signals corresponding to the extent of 
movement of each member involving an optical 
distance transducer using an array of photo sen- 
sors. The first technique detects a Moire' fringe 
shadow pattern created by a small section of grat- 
ing carried by the reading head 22 and slightly 
skewed with respect to the corresponding main 
grating 20 affixed to one of the machine members. 
The second technique detects a Vernier fringe 
shadow pattern created by using a parallel (non- 
skewed) transparent grating carried on the reading 
head 22 of slightly higher or lower pitch (line spac- 
ing) than the stationary grating 20 affixed to one of 
the machine members. 

The reading head 22 contains the array of 
photosensors (FIGURE 2) detecting the shadow 
pattern created by optical interference between the 
main grating 20 and a reading head grating 20A, 
thus generating a pair of electrical analog output 
signals which each vary sinusoidally, and are nomi- 
nally 90* out-of phase with each other, thus pro- 
viding quadrature signals. 

A complete cycle of these signals occurs upon 
the reading head 22 traversing a single grating 
interline space of the main grating 20. 

These analog reading output signals are pro- 
cessed in reading head signal adjustment circuitry 
12 according to the present invention, and the 
electronic circuitry 31 receives the adjusted read- 
ing head output signals and processes the same 
for use as by a display 33 displaying the signal in 
standard measurement units. 

FIGURE 2 shows the reading head signal ad- 
justing circuitry 12 according to the present inven- 
tion in detail. 

Two pairs of analog signals are output from an 
array of photosensors 23 positioned above grating 
20A on the reading head 22. 

Each pair of the signals are comprised of in- 
verted signs of each other and are each differen- 
ced in a corresponding differential amplifier 34A, 
34B. The output of amplifier 34A comprises a 0° 



3 



EP0004 55983A1 [http://www ,qetthepatent.com/Login.dog/$andreski/^371 1%2D00Q120USNP/Fetch/EP000455983A1 .cpc?fromCache=1paft=maintoolbPage 4 of 9 

I • 



5 EP 0 455 

or sine analog signal, A, and the output of amplifier 
34B comprises a 90* , cosine analog signal, B. The 
expedient of differencing pairs of photosensor out- 
put signals provides improved common mode re- 
jection in the manner well known in the art. 5 

The 0* and 90* signals are routed through 
respective gain adjust potentiometers 36A, 36B, 
which enable adjustment of the amplitude of each 
of these signals. 

The output of the gain adjust potentiometers io 
36A, 36B is input into respective offset summing 
amplifiers 38A, 38B each of which also receive 
outputs from offset adjustment potention meters 
40A, 40B. The offset adjustment potentiometers 
enable summing of a variable DC component into 75 
the respective analog signals (A,B) to offset these 
signals in the manner well known in the art. 

The improvement according to the present in- 
vention comprises the addition of a phase adjust- 
ment potentiometer 42, which receives an input on 20 
one side 44 from the 0* analog A signal. The 0* A 
signal rs inverted by an inverter 46 to in effect be 
phase shifted 180* from the 0* A signal, and 
inputted to the other side 48 of the phase adjust- 
ment potentiometer 42. 25 

The slider output 50 of the phase adjustment 
potentiometer 42 comprises a correction signal C 
applied to the 90* B signal gain and offset am- 
plifier 38B. 

In an alternate embodiment, input 48 can be 30 
derived directly from the output of 34A provided 
that 36A is an inverting amplifier, but this is a less 
preferred embodiment because it produces a slider 
output 50 which is not DC balanced, which in turn 
produces the undesired effect that changes in the 35 
phase adjustment 42 produce changes in the re- 
quired DC offset adjustment 40B. 

The correction signal C at the slider 50 of the 
phase adjustment potentiometer 42 is in effect an 
adjustably scaled down version of the 0* A signal, 40 
which also may be selectively inverted to either 
sign depending on whether the slidewire 50 is set 
to allow the 0* or 180* signal to predominate the 
other. This result occurs because a selective pro- 
portion of the 0* and 180* inputs are algebraically 45 
added together by means of this arrangement, the 
relative proportion of each signal added to the 
other able to be selectively controlled by the set- 
ting the position of the slider 50. At the center or 
neutral position of the slider 40, an equal proportion 50 
of each signal is added together, so that no correc- 
tion signal is generated. 

At slider positions on either side of neutral, a 
selectively scaled down positive or negative phase 
correction signal C would appear on the slider 55 
output 50. 

This correction signal is vectorially added to 
the nominal 90* B signal in the amplifier 38B. 
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Accordingly, the sign and magnitude of the 
correction signal may be adjusted to shift the 
phase of the 90 * B signal to correct any out of 
phase condition of the 90* B signal. 

By observing the Lissajous figure generated by 
the 0 A, 90* B signals on an oscilliscope, an im- 
proper phase relationship can be detected by the 
appearance of the elliptical shape of this pattern, 
characteristically resulting when on improper phase 
relationship exists. This procedure could conve- 
niently be done at the same time the gain and 
offset potentiometers 36A, 36B. 40A, 40B are set 

FIGURE 3 is a phasor, i.e., vector diagram 
illustrating diagrammatically how the vector sum- 
ming of a scaled 0* correction C signal with an 
nominal 90 out of phase B signal results in a 
phase shift of the nominal 90* in a direction to 
generate a corrected B signal, at having a precise 
90* phase relationship with the 0" A signal. 

The correction signal C when added vectorially 
to the B signal at any phase angle produces a 
resultant phasor rotated clockwise to correct the 
phase of the B signal. The addition shown is for a 
slightly less than 90* out of phase signal brought 
to a precise 90* phase relationship. 

A similar result will occur in a counterclockwise 
direction by a negative correction signal C. 

This circuit and process may be employed in a 
variety of position measuring devices such as lin- 
ear and rotary resolvers and encoders. 

Claims 

1. A position measuring device (10) with a phase 
adjust circuit, said device adapted to measure 
the displacement of a first element (22) relative 
to a second element (14), including signal gen- 
erating means (23) generating a pair of 
sinusoidal electrical signals nominally 90* out 
of phase with each other and in correspon- 
dence with the extent of relative motion of said 
first and second elements (22, 14), the im- 
provement comprising a phase adjustment cir- 
cuit for selectively varying the phase relation- 
ship between said pair of signals, said phase 
adjustment circuit comprising means (42) for 
deriving a correction signal comprised of a 
selectively scaled 0* phase signal, selectively 
signed either positively or negatively, and vec- 
tor adding means (38B) for vectorially adding 
said correction signal to said nominal 90* sig- 
nal, whereby the phase of said nominal 90* 
signal may be corrected by being shifted to a 
selective degree and direction by the vector 
addition of said selectively set correction sig- 
nal. 

2. The position measuring device according to 
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claim 1 wherein said vector adding means (42) 
for deriving a correction circuit comprises 
means (42, 46, 48, 44) for algebraically adding 
a selectively controllable proportion of 0* sig- 
nal to a 180° shifted form of said 0* signal. 5 

3. The position measuring device according to 
claim 2 wherein said vector adding means 
comprises a potentiometer means (42). 

70 

4. The position measuring device according to 
anyone of claims 1 to 3 wherein said device 
includes a main grating, and a reading head 
movable along said main grating, safd reading 
head including a grating skewed with respect 15 
to said main grating, said phase adjustment 
circuit enabling correction for improper setting 

of said skew angle. 

5. The position measuring device according to 20 
anyone of claims 1 to 4 wherein said means 

for deriving a correction signal produces a 
correction signal DC balanced so as not to 
produce DC shift in said corrected output 90° 
signal as phase adjustment changes are made. 25 

6. A process for shifting the relative phase be- 
tween a pair of sinusoidal signals, a nominal 
0 Q and a 90° phase signal, wherein said sig- 
nals are more or less than 90 9 out of phase, in 30 
order that said 90* phase difference may be 

set precisely, comprising the step of deriving a 
correction signal consisting of value of said 0* 
signal scaled and signed so that when vec- 
torially added to said nominal 90* phase sig- 35 
nal said phase thereof is shifted in a direction 
and to a degree so as to precisely establish 
said 90° phase relationship, and adding said 
correction signal vectorially to said 90* phase 
signal. 40 

7. The process according to claim 6 wherein said 
correction signal is derived by algebraically 
summing a selectively controlled proportion of 

said 0* signal and a 180° phase shifted form 45 
of said signal. 

8. The process according to claim 7 wherein said 
step of algebraically adding said selective pro- 
portion of said signals comprises the steps of 50 
inputting said 0 * signal to one side of a poten- 
tiometer, said 180* phase shifted version of 

said 0" signal to the other side, and outputting 
said signal through a movable slidewire of said 
potentiometer. 55 
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